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ABSTRACT 
The Effects of Sources and Levels of Vitamin A and D on 
Some Aspects of Sulfur Metabolism 
by 
Akbar Malekpour, Doctor of Philosophy 
Utah State University, 1970 
Major Professor: Dr. Deloy G. Hendricks 
Department: Nutrition and Biochemistry 
Two trials were conducted using 48 infant pigs of both sexes. 
Pigs were taken from the sow when three to seven days old and placed 
in wire-bottomed metal cages by pairs. Animals in the first trial 
received synthetic diets containing 100 or 1000 international units 
of ergocalciferol and 1000 or 4000 international units of retinyl 
acetate or four or sixteen milligrams of beta carotene per kilogram 
of feed. Baby pigs in the second trial received the same synthetic 
diet plus 1000 international units of ergocalciferol (D2) or 
cholecalciferol (D3) and 2000 international units of vitamin A or 
eight milligrams of beta carotene per kilogram of feed. 
1~either growth nor feed efficiency were influenced by diet, but 
in Trial II, pigs receiving vitamin D2 showed higher gains per kilogram 
of diet than pigs fed vitamin n3. 
The weight and density of ribs and femurs did not show any 
differences due to diet. Different sources and levels of vitamins A 
and D did not effect strength characteristics of femurs. However, 
trends indicated 1000 IU of vitamin Din Trial I and vitamin o2 in 
Trial II slightly increased the bone ash in comparison with beta 
carotene and in Trial II . retinyl acetate with vitamin o2 resulted in 
the maximum amount of mineral deposition in bone. Liver as a percent 
of body weight was higher in pigs treated with beta carotene than 
in those fed retinyl acetate either with vitamin o2 or o3. 
Serum total sulfur was increased in pigs receiving vitamin 
o3 in Trial II. Inorganic sulfur in Trial I was lowered significantly 
by high levels of vitamin 0 and either low beta carotene, low retinyl 
acetate, or high beta carotene. 
There were not significant effects of level and source of 
vitamin A or 0 on uronic acid or total sulfur concentration in 
cartilage. However, on the higi1 level of dietary vitar11i11 l:l, urCJn ·ic 
acid in cartilage was slightly increased (Trial I). Trends indicated 
t hat beta carotene increased and high levels of vitamin O lowered 
total sulfur in cartilage (Trial I). 
(89 pages) 
INTRODUCTION 
The largest portion of the v1tami n A act i vity i n the natural 
diet of humans is provided by carotenoi ds. The da i ly intake of 
vitamin D has increased greatly with the supplementati on of the diet 
with ergocalciferol i n milk and vit ami n tablets Very littl e i s 
known about the effects of carotene or vitamin A on vi tamins o2 and 
o3 and on mineral ut ili zation . 
Among the Un i ted States' populati on, it has been observed that 
as the mean age increases, there is an i ncreased incidence of bone 
disorders . It may be because of the i nvolvement of nutritional factors 
such as vitamins A and D i n bone formation and mai ntenance The refore, 
it would be of value to study such nutriti onal factors that affect 
bone composition and formation . 
The purpose of this study was to de t ermi ne the effects of 
sources and levels of vi t amin A and D on some aspects of sulfur 
metabolism . Two experi ments were planned to meet the objective of 
this study. The first experiment was carri ed out to study the effects 
of high and low levels of ergocalcife rol wi t h high or low levels of 
retinyl acetate or beta carotene on sulfur in serum and cartilage . 
Experiment two was conducted to determine the effects of sources of 
vitamin A and D activity on sulfur metabolism . 
Infant pigs were used because of the similarity of gastrointest-
inal tract of the young of th is species to that of the human . Growth 
rate and nutri en t requirements for the pig are more s i milar to those of 
humans than are those of the rat, wh ich i s often used in research of this 
type . 
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REVIEW OF LITERATURE 
Nutrition in Relat i on to Bone and Carti l age 
Bone 
Bone is composed of cells, organi c matrix, and minerals . The 
structure, chemis try, and deve lopment of these components will be 
cons i dered briefly . 
Bone cel ls ~ Both w1th regard to structure and f unction, one 
may dist in guish among three types of cells--osteocytes, osteoblasts, 
and osteocl asts . The osteocytes are found in mature bone, have a 
spindle-like appearance with an oval shaped body, and numerous 
branching processes . The osteoblasts are found in areas of act ive 
bone formation and are characteristically basophilic on histological 
stainin g. The osteoclasts (Hancox, 1956) are multinuclear gi ant cells 
which are found in areas of bone resorption. The difference in 
locatization of the three types of bone cells suggest that each is 
associated with a specifi c function: osteoblasts with formation, 
osteocytes with ma intenance, and osteoclasts with resorption of bone 
(Weinmann and Siche r , 1955) . The factors res pon si ble fo r appearance 
and the localizat i on . of the osteoclasts are unknown; age changes in 
the bone or some changes in bi ological constituti on may very well be 
involved . However, the spatial distri but i on of osteoclasts are 
markedly effected by vitamin A and calci ferol (Barnicot, 1947) . His 
work was confi rmed by Chang (1951) , In vit ami n A defici ency bone 
cells cease to divi de and wi th an excess amoun t of vitamin A the 
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number of osteoclasts increase w1th the increases of rate of 
resorption . Hypervitami nosis A de creases the act i vi ty of osteoblasts 
(Wolke, 1966) . Vitamin D i s required for the sequence of growth, 
maturation, and degeneration of bone cells (Wolbach, 1947) . 
The chemical consti uents of bone . The organi c compounds 
of bones include the following . 
Collagen . The i nsoluble fiberous prote i n of bone is usually 
collagen. It is the most abundant prote i n i n the body, comprising 
perhaps one-thi rd of the total protein and, therefore, about 6 percent 
of the body we i ght . Col l agen i s readily converted to gelatin if it is 
initially treated for a prolonged pe ri od wi th cold dil ute alkali and 
then with warm water . 
Formation of collagen is related to t he presence of cells 
defined as fibroblasts, wh i ch are i nd is pensable fo r the genesis of 
collagen . In addition to f i broblasts, other cells have been related 
to collagen format i on, namely the mast cells and the macrophages 
(Maximow, 1928, 1929) . Besides cytolog i cal factors, several other 
factors are involved in collagen formation 
Two groups of hormones are known to effect the format i on of 
collagen fibers : the adrena l cortical steroids (and therefore, 
indirectly, the corticotropic ho rmone of the pitu itary) and the sex 
hormones. Vitamins, especially vitamin C, are essential to the 
formation of fibrils . In its absence, neither reticular nor collagen 
fibril are formed (Wolbach, 1933) . Vitamin A effects essentially 
the ectodermal and endodermal t issue, but it is also related to the 
formation of collagen. 
The "resistant " protern. This protein is more highly resistant 
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than collagen to solution in hot water. The residue from bone con-
sists partly of a mass of tubules, vis i ble to the naked eye and partly 
of an amorphous powder . The resistant protei n passes gradually into 
solution on prolonged boiling. The amino acid composition of the 
entire heterogenous insoluble fract i on by paper chromatography has 
been found to be different from the composition of collagen and 
elastin . 
Polysacaharide , In 1901, Hawk and Gies isolated from ox 
femora and ribs a protein polysaccharide complex which they designated 
11 osseomucoi d. 11 
Hisamura (1938) separated osseomucoid into components, a 
fraction of which was soluble in 1.2 percent acetic acid and insoluble 
fraction B. Fraction A was identifi ed as chondroitin sulfate, the 
hexoamine being shown to be chondrosamine (galactosamine) . The 
hexoamine constituent of fraction B was also identified as chondrosamine 
while indirect evidence was put forward that the hexose present was 
galactose. Fraction B had a higher nitrogen concentration than A, 
and A had more sulfur than B. 
The composition of the protein of osseomucoid is different 
from that of collagen. The over-all amino aci d composition of the 
protein part of osseomucoid is somewhat simi lar to that of blood 
serum proteins (Tristram, 1953). The fraction B of osseomucoid, 
which contained a high proportion of nitrogenous material, galactose, 
and galactosamine implies that this fraction is a true mucoprotein in 
which prote in and carbohydrate res i ~es are firmly bound to form a 
macromolecule . Chondroi tin sulfate and mucoprotein are the two best 
characterized components of the osseomucoid complex. 
5 
Chondroitin sulfates occu r in cartilage in high concentration 
and were the first sulfated polys acchari des to be isolated" They 
have been isolated for heart valves, aorta, and skin, too; and there 
are indications that they may be components of nearly all connective 
tissues . 
Chondroitin is a polymer ~f 8-D glucuron i des, 1 ,3-N-acetyl-0-
Galactosamine joined in repeating 8, 1-4, linkages . The repeating 
unit of this polysaccharide differs from hyaluronic acid only in that 
it contains galactosamine rather than glucosamine . Chondroitin may be 
regarded as the parent material for two polysacchari des, chondroitin 
sulfate A and chondroitin sulfate C, which differ only in the position 
in which sulfate is este rifi ed to the galactosami ne moity . 
Repeating un i t of chondroitin sulfate A 
Repeating unit of chondroitin sulfate C 
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The polymer that was long termed chondroit i n sulfate B yields upon 
hydrolysis not D-glucuron i c ac i d but L- i duron ic aci d. Therefore, in 
current literature it frequently refers to this compound as dermatan 
sulfate or derman sulfate; it was formerly al so called B-heparin. 
Repeating unit of dermatan sulfate (formerly chondroitin 
sulfate B) 
Chondroitin sulfates are present i n va ri able amounts in 
different connecti ve tissues , In hyaline carti l age nearly all of the 
chondroitin sulfate is of type A, but sma l l amounts of type C occur 
there also. On the other hand, from umb i lical co rds only chondroitin 
sulfate C has been isolated , Not only from t i ssue to tissue, but in 
the same tissue the type of chondroi tin sulfate and its concentration 
may vary with age of the an i mal . 
The biological role of the chondroitin sulfates i s far from 
clear. Involvement in ossification has been suggested . In endochondral 
ossification, cartilage, which i s r ich in chondroitin sulfate, is 
replaced by bone . More di rect evidence comes from studies of 
Dziewiatkowski (1949) in which s35 sulfate was used and showed that 
within 24 hours afte r administrat i on, the concentration of s35 sulfate 
in the blood fell to a very low level and thereafter continued to 
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decrease at a slow rate . In autoradiograms of bones from rats given 
s35 sulfate, it is seen that the isotope is rapidly fixed in the 
epiphyseal cartilages, more so in the region of the epiphyseal plate 
than elsewhere. The concentration of s35 sulfate continues to increase 
in the epiphyses for about 24 hours to reach levels far greater than 
those found in the blood at that time, while in the metaphyses only a 
relatively small amount of the isotope is depos i ted during this period 
of time. The concentration of s35 labeled materials in the epiphyseal 
cartilage plate decreases slowly after 24 hours . Concurrently, in the 
metaphyses there is an increase in the concentration of s35 labeled 
material that is chondroitin sulfate . Similar mechanisms are involved 
in the development of epiphyseal ossification centers (Dziewiatkowski, 
1952). 
There is reason to believe that s35 sulfate finds its way 
into the ~hondroitin sulfates of the connective tissues because of a 
de novo synthesis of these polysaccharides . For example, a progressive 
incorporation of s35 sulfate into chondroitin sulfate takes place when 
t ., 1 . . b t d . d. t . . s35 1 f t car 1 age s ices are 1ncu a e 1n me 1a con ain1ng su a e 
(Bostrom and Mansson, 1952). Such an incorporation is temperature and 
oxygen dependent. It is minimized or eliminated by a variety of 
11 enzyme poi sons, 11 by heat treatment of the carti 1 age s 1 ices, or by 
anaerobiosis (Bostrom, 1954) . Age of the animal is also a factor; 
the amount of s35 sulfate incorporated in chondroitin sulfate is 
greater in the cartilage of young animals than in the cartilage of 
old animals (Bostrom, 1954). 
The carbohydrate components of chondroitin sulfates are 
derived from glucose . Uridine derivatives of glucose may be the 
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more immediate precursors . In animals gi ven c14 glucose and s35 
sulfate, the rate at which the uronic acid and hexoamine moieties are 
labeled with c14 is similar to the rate at wh i ch s35 appears i n the 
chondroitin sulfate of skin. The rates at which the concentrations 
of these two labels decrease are also parallel (Schiller et al . , 
1956). 
The metabolism of chondroitin sulfate is somehow influenced by 
ascorbic acid, vitamin A, vitamin D, growth hormone, and thyroxine . 
Deficiency of vitamin A, ascorbic acid, or growth hormone, and of 
thyroxine, which were produced experimentally, showed that the 
synthesis of chondroitin sulfates was impaired . In the case of 
vitamin 0-deficient rats, the synthesis of chondroitin sulfates appear 
normal; however, its utilizat i on i n endochondral ossification i s not . 
The synthesis of chondroitin sulfates is markedly inh i bited by 
cortisone (Bostrom and Odeblad, 1953) . 
Chondroitin sulfates have an important function in wound and 
fracture healing. These materials appear early in the reorganization 
and rehabilitation of the tissues which have been tramatized . In the 
study of bone repair in rats, Duthie and Baker (1955a, l955b) 
administered s35 sulfate 24 hours before the animals were sacrifi ced . 
Even though little s35 was found to accumulate in the fracture defect 
for the first 96 hours, at 7 days a large amount of s35 had deposited 
in and around the fracture . After 21 days, the deposition of s35 was 
less extensive than after 7, 10, or 14 days . After 28 days, union of 
the fracture was nearly complete and very litt1e s35 was still present 
in the fracture. Duthie and Baker (1955b) assume that the s35 labeled 
material was chondroitin sulfate because of the metochromatic staining 
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of the site in which the isotope was localized and because of the 
presence in juxtaposition of developing cartilage cells o In the 
cartilaginous blostuma, s35 occurred both intracellularly and inter-
ce 11 u l a r l y . 
Mucopolysaccharides are excreted in the urine by normal men 
and women. The excretion of chondroitin sulfates first increases 
and then decreases with age (Rich, Diferrante, and Archibald, 1957) 
and varies in amount with sex (Differrante and Rich, 1956) . Adult 
men and women excrete in urine 6.0 and 3.8 mg glucuronic acid in the 
form of chondroitin sulfate, respectively, per 24 hours . Greater 
amounts, about 8 mg glucuronic acid as 11 chondroitin sulfate 11 are 
excreted per 24 hours by children 8 to 10 years old; about 12 to 14 mg 
by children 10 to 14 years old; and subsequently smaller amounts, 
which are comparable to the adult level, when growth stops . 
Other substances. Harris (1932) has speculated on the 
occurrence of glycogen in association with phosphatase in bone, but 
was unable to demonstrate it experimentally. Small quantities of 
lecithin of the order of .2 percent have been reported as being 
present in bones by Nerking (1908). It would appear doubtful whether 
true bone tissue contains lecithin, since Easto and Easto (1954) have 
reported the complete absence of fat in compact bone. 
The inorganic compounds of bones include the following: 
Minerals. Since bone is a living tissue in dynamic 
equilibrium with body fluids, its chemical composition varies not 
only from one bone to another, but also within its microscopic 
structures. The over-all composition of calcified tissue has been 
known for a long time. The chief constituents, calcium, phosphate, 
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carbonate, and water, form a basic calcium phosphate of varying 
composition in which the carbonate plays an intricate rol e . Magnes i um, 
sodium, potassium, fluoride, and sulfur ions are minor constituents . 
Wate~. Bone, like all tissue, contains a substantial amount 
of water. This forms the medium for the diffusion of inorganic ions, 
sugar, and other small organic molecules necessary for nutrit i on and 
also allows the removal of waste products. The proportion of water is 
less in bone than in soft tissues. It does, however, account for at 
least 20 percent of the bone weight. 
Cit~ate. The greatest proportion of the body citrate is found 
in the bone. Dickens (1941) estimated citric acid in bone by chemical 
methods and showed that the skeletons of mice contained 70 percent of 
the total citric acid in the body. Dickens also found that most of 
citric acid in bone was located in the calcified regions, the marrow 
having only a small content. 
The amount of citrate is under influence of calcium, vitamin D, 
and hormones, especially parathyroid hormone . Nicolaysen and Nardbo 
(1943) also found that in animals maintained on a vi tamin D 
deficient diet the bone citric acid contents were only about 25 percent 
of those in normal controls. 
Cartilage 
Cartilage consists of cells, ground substances, and fibers . 
The ground substance gives the cartilage an elastic firmness, 
rendering it capable of withstanding a considerable degree of pressure 
and tension. In mammals the greater part of the skeleton is first 
laid down as cartilage. In the adult body, cartilage covers the 
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articular surfaces of bones; and it is found in the larynx, trachea, 
bronchi, and certain other organs. 
According to the nature of the fibrilla, cartilage is sub-
divided into three varieties: (1) hyaline, (2) elastic, and 
(3) fibrous . Hyaline cartilage is the most widely distributed type . 
It forms the articular cartilage of joints, the costal cartilage and 
the cartilage of nose, 1 arynx, trachea, and bronchi. In the fetus, 
nearly all of the skeleton is first laid down as hyaline cartilage 
and replaced later by osseous tissue in the formation of the bones . 
Cartilage is usually devoid of blood vessels except in the 
areas where vessels may be passing through it to other tissue and in 
a particular zone which is forming on ossification center . Exchange 
of substances between cartilage cells and blood vessels of the 
perichondrium is mediated by the tissue fluid of the cartilage, i .e. , 
by the bound water which is the dispersion medium of the mucopoly-
saccharides of the intracellular matrix. 
The cartilage cells are called chondrocytes. Chondrocytes 
have a large, centrally placed spherical nucleus with chromatin and 
one or more nucleoli. The cytoplasm is finely granular and contains 
fat droplets, glycogen granules, and occasionally pigment. 
The intercellular substance or matrix is a homogenous inter-
cellular substance containing, in reality, numerous fine collagenous 
fibers which are masked by a ground substance. These fibrils may be 
demonstrated by means of trypsin or treatment with dilute alkalies . 
The interstitial ground substance of cartilage contains a chondromucoid 
which is a glycoprotein . On hydrolysis it yields chondroitin sulfate A 
and chondroitin sulfate C in a ratio of four to one . The chondromucoid 
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stains with bas ic dyes due to its content of chondroit1n sulfa e It 
is abundant throughout the matrix of embryonal carti lage, but becomes 
unevenly distributed in mature car ila ge whe re it is most abundant 
around cel l groups (territorial ma tri x) " With increasing age, there 
is a general decrease in chondromuco1d (5ylven, 1947, and Ei chel-
berger and Akeson, 1958) and an increase i n an albuminoi d material , 
Ground substance and the collagenous f i brils are formed by 
chondroblasts . Injecti on of radi oactive sulfate 535 into an i ma ls and 
in vitro showed the 535 i s concentrated f irst in the cytop las m of the 
cartilage cells and later i n the gro und substance . This furnishes 
convincing eviderce that the cell form5 the chondroitin sulfate of the 
matrix (Bostrom, 1952; Dziewiatkowski, 1954a) . 
Growth of carti la ge takes place in two ways: (1) appos i tional 
growth--formation of new cartilage by ch ond robl asts at the surface, 
and (2) internal growth --expansion of the internal mass of cartilage 
by division of chondrocytes . 
In appos i tional growth, chon droblasts of the perichondrium 
multiply and some form cartilage matrix while others remain as a part 
of the chondroblast popu lation . In inters t itial growth, cartilage 
cells divide i nto two, and the daughter cel ls may di vide again . Each 
cell group represents the progeny of a single parent cell The cells 
become separated from each other , and each is surrounded by its own 
capsule and matrix . The old capsule may remain, but usua lly i 
merges into the newly formed territorial matrix . Interstiti al growth 
occurs mainly in young cartilage and gradually ceases, further growth 
being appositional (5ubpe richond ri a) . 
Cartilage, being largely devoi d of ves sel s, gets i ts 
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nutri ents by di ffusion f rom the bl ood ves sels of per1chond ri um . The 
nutri tive fluid must pass th r ough the i nterstiti al substan ce to 
reach the chondrocytes (Ham, 1932) , It i s well known that inJe cted 
dyestuffs are absorbed qui ckly by the cartilaginous matri x, 
Bone and vitamins A and D 
Vitamin A. Beta ?ar'Otene and vi t amin A. Vitam ' n A i s a fat 
soluble nutrition facto r requi red fo r norma l growth and development of 
young animals, for ma i ntenan ce of the norma l struct ure of tissues, 
and for numerous physio ogi cal funct i ons i ncl udi ng v1sion, reproduc t ion, 
and ossification . 
Vitamin A is colorl ess and solubl e i n al l fa t solven t s c It i s 
a hi ghly unsaturated alcohol wh ich 1s st ored in t he body as an este r . 
It is found i n the l iver a lmost whol ly as an este r , In cod li ve r oil , 
less than 1 percent of vi tami n A is present as the alcohol. It 
appears in nature i n seve ral forms, the most common of which, found 
in mammals and sal t -wate r f ish, has been desi gnated as vi tamin A1 
while that found i n f resh-water fis h i s known as vi tami n A2 
(Usually vi tami n A re fers to vi t ami n A1 Neo-vi tami n A has also been 
isolated from fish liver oil s . An i somer i n wh ich the doub le bond 
next to the te rmi nal double bond 1s cis is ca l led neovi tamin A-b or 
11 cis-vitamin A. Othe r cis-t rans- i somers of vi t amin A as well as 
vitamin A2 are known. Important are fu rther esters of vitamin A with 
fatty acids (acetate, palmi tat e. , ) and the aldehydes of vi tamin A 
(Retinene1 and reti nene2). Vi tami n A acid, anhydrovitamin A, and 
rehydrovitamin A wh ' ch can be produced syn t hetically have a consider-
able theoretical i nterest . 
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The most abundant food sources of v1tamin A for humans are 
milk, butter, egg yolk, live(, kidney, and fish oil However, the 
ultimate sources of all vitam1n A is the carotenoid pigments 1n the 
green leaves and in certain storage tissue such as yellow tubers 
(e . g., carrots) and in fru i ts . These carotenoid pigments (provitamin A) 
are of deep yellow color: a lpha-, beta-, and gamma-carotene and 
possibly others " They are converted to vitamin A in the animal body . 
For many years, the genera 1 ly accepted theory was that conversion of 
carotene to vitamin A occurred in the l i ver . It has been found, 
however, that most of the carotene i s converted i nto vitamin A in the 
intestinal wall during absorption (Olson, 1961; Thompson, Coates, 
and Kon, 1950). Although rntramuscul ar i nJecti on of carotene to 
vitamin A def "c1ent an i ma ls result 1n resumed growth, suggesting that 
carotene convers10n o vitamin A may perhaps occur el sewhere than in 
the i ntestinal wall, carotene 1s much more effect i ve when administered 
orally . It shou ld be mentioned here that trace amounts of provitamin A 
have been found in fat depos i ts of animals A special type of this 
class of compounds plays an impo rtant role in the visua l purple . 
Vitamin A- defi .iena11 and b ne After growth of the skeleton 
is completed, vitamin A deficiency has no specific effect upon bone 
structure In growing anima ls, rats, pigs, dogs, and mice, there are 
promptandspecific effects which result in retardation of skeletal 
growth and interference with growth patterns of bone . Early 
publications suggest that hypo-vitaminosis A may cause renal calcifi-
cation (Van Leersun, 1928; Wolbach and Bessy, 1942) . They conclu ded 
that vitamin A deficiency causes a retardation of bone growth, 
especially endochondra1 bone format i on Mellanby (1946) showed that 
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vitamin A defici ency effects 11 the position and activity of osteo-
bla~ts and osteoclasts . 11 In other words , vi amin A acts as a spec'fic 
chemical controller of he acti vi t i es of osteob l asts and osteoclasts . 
The exact way in wh ich th i s control i s exercised is, however, unknown . 
Wolbach (1947) has shown that vitami n A defici ency suppresses 
epiphyseal cartilage cells sequen ces and hence endochondral bone 
growth . Wolbach and Moodock (1951) observed that epiphyseal cartilage 
plates were narrower i n vitamin A defici ent rats than in the no rmal 
rats of the same age. DziewiatkoWSki (1945) and Frape et al . (1959) 
clai med the uptake of sulfate by cart i lage was decreased in vitamin A 
deficient animals . 
Hyper vitaminosis A and br ne The earli est pub l ication 
suggesting a toxic action of exce sive amounts of vitamin A appears 
to be that of Takahashi et a l (192 5) who found tha 1 f rats were 
given a vitamin A rich fish oil concentrate in large doses, they died 
within a few days or weeks . The first investi gators to report a 
skeletal les ion , howeve r , were Co llazo and Rodriquez (1933) who 
administered approx i mat e ly 60,000 IU of vitamin A daily to young rats, 
in the form of a fish 0 11 concentrate, and noted that among other 
symptons the an i mal s suffered from fractures of bones of the distal 
limbs. Their observa i on was confi rmed by Bomskov and Siever (1933) 
and by Davies and Moore (1934) . The latter used a distillate rich in 
vitamin A; and their work, therefore, marks some progress toward t he 
identification of vitamin A itself as the causati ve agent. Soft 
tissue calcification was not found by Ha rr1 s and Innes (1 931). 
In 1945, Moore and Wang we e able to show that skeletal 
lesions occurred in young rats, t hat were given 50,000 IU of 
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crystalline vitamin A acetate dissolved in arachis oil daily . In the 
same year Pavcek, Herbst, and Elvehjem obtained fractures in rats 
given vitamin A in the alcohol form and Rodah l (1950) confirmed the 
effect us in g oily soluti ons of the crystalline retinyl acetate . 
Wolbach (1947) concluded hat the general effect of excess of vitamin A 
on the skeleton is to cause acceleration of hose p· ocesses that are 
retarded by a deficiency of the vitamin, namely, growth and maturation 
of epiphyseal cartilage csl ls and the remodel i ng sequences , Also he 
showed that excessive amounts of vitamin A lead to increased 
osteoclastic resorption, result i ng in fragility and a change in the 
shape of the long bone , Excessive osteoclasti c resorption is observed 
in bones brought i n contact with implanted crystals of vi tamin A. 
The mechanism of action of vitamin A excess on the skeleton 
has been suggested to be i n some way related to the metabolism of 
other vitamjns, but this has not in general been substantiated . The 
effects of vitamin A overdosage in the intact animal are complex . The 
action of vitamin A mi ght be a direct one on bone tissue or might be 
modified by concomitant changes in the cellular environment brought 
about by the actions of the vitamin elsewhere in the body . 
Barnicot (1950) showed that vitami n A acetate or some de ri vit ive 
formed from it is capable of causing di fferentiation of osteoclasts 
and the resorption of bone. Fell and Mellenby (1950) demonstrated both 
disintegration of cartilage matrix and res orption of bone in foetal 
mouse bones grown in tissue culture . 
In recent years a number of cases of vitamin A pois on i ng in 
man have been described in the Un ited States . The chemical findings, 
which have been summa rize d by Gribetz, Silverman, and Sobel (1951) 
and Kundson and Rothman (1953) i nclude, i n the case of infants, 
painful swell i ngs ove r the l ong bones Snapper and Nathan (1957) 
observed hyperosteosis i n the middle region of the shafts of long 
bones in man . 
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SuZ f ur and vitamin A. There are conflict i ng reports in the 
literature concerning the role of vitamin A and its metabol tes in 
sulfate metabolism. Me1 1anby (1946) expressed the op i nion that 
vitamin A influences the activity of the osteoblasts and osteoclasts . 
Wolbach (1947) has shown that ep i physeal cartilage plates are narrower 
in vitamin A deficient rats than in the normal rats of the same age. 
Fell and Mellanby demonstrated that the i nc l usion of excess of 
vi tamin A in the medi a causes the production of soluble i norganic 
sulfate (1952). The use of sulfate of exogenous origin in the 
synthes i s of chondtoti n sulfate was suggested by Dziew1atkowski (1949) 
and then was demonstrated by the isolation of chondroitin sulfate s35 
from the carti !age of rats given sulfate s35 by Dziewi atkowski (195la) 
and Bostrom (1952) . Autoradiography has been particularly effective 
in showing that admin is tered sulfate s35 is rapidly i ncorporated in 
the chondroit i n sulfate of ground substance (Dz i ewi atkowski, l95lb, 
Davies and Young, 1954) . In 1954 Dziew1atkowski (1954a) showed higher con-
centrations of serum inorgan i c su l fate and lower concentration of s35 
chonroitin sulfate in vitamin A deficient tats than control animals . 
Frape et al . (1959) claimed that uptake of sulfate by cartilage was 
decreased in vitamin A defi ci ent pigs receiving vitamin A therapy . 
Inorganic sulfate, plus ATP, forms adenosine 51 -phosphosulfate 
plus inorganic pyrophosphate; Mg++ ions are necessary for th i s 
reaction . The adenos i ne 51 phosphosulfate reacts further with another 
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molecule of ATP, in the presence of magnesium ions, to form 3'-
phosphoadenosin 51 -phosphosulfate (PAPS) pl us ADP . This compound 
(3'-PAPS) serves as the general agent for estrification of sulfate 
in mammals. Frequently, i n many metabol i c pathways in the mammalian 
organ i sm, PAPS will be reduced to i ncorporate sulfur into molecules 
required in the metabol ic processes . The act i vation of sulfate to 
form (PAPS) is a major step i n the biosynthesis of mucopolysaccharide 
(MPS) . There are several condradictory reports regarding the effect 
of vitamin A deficiency on the activati on of sulfate in various 
tissues, but almos t all reports are in agreement that hypervitaminosis A 
will decrease sulfur activation , 
Fell and Mellanby (1952), Frape et al . (1959), Wolf and 
Varandani (1960), and Lucy, Dingle, and Fe ll (1961) have shown i n vivo 
and in vitro that excess vitami n A decreased the amount of chondroitin 
sulfate i n the bone matrix . McElligot (1962) observed that administra-
tion of large doses of vitamin A to young rabbits greatly impairs the 
ability of cartilage cells to fix inorganic sulfate , Mukherji and 
Bacchawat (1966a) demonstrated that (s35 ) sulfate incorporation is 
decreased in hypervi taminos is A in all tissues exami ned with the 
exception of liver. Also uronic acid content is marked 1y reduced in 
epiphyseal cartilage . Wolke (1966) reported a decrease in epiphyseal 
bone and reduction in bone length and weight, all due to decreased 
osteoblastic activity which took place as a result of hyper-
vitami nosi s A. 
Wolf and Varandani (1960) at first showed a decreased uptake 
of s35 sulfate by the mucopolysaccharides of the colon homogenates of 
vitami n A defici ent rats and sugge ted that this could be due to a 
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lowered synthesis of active sulfate (PAPS) . Late r , Va randani, Wolf, 
and Johnson (1960) demonstrated a decrease i n the synthesis of PAPS 
in the colon homogenates of vitamin A defic ' ent rats that could be 
restored by the addition of reti nal i n vi t ro . Sundareson and Wolf 
(1963) again claimed that the synthes i s of PAPS i s depressed in 
vitamin A deficient rat tissues, but they failed to restore the lost 
activity by the addition of retinol or reti noic acid in vitro . 
Instead they reported that the addition of a metabolite derived from 
retinoic acid is effect i ve , Th i s was followed by a preliminary 
announcement by Sundareson, Elford, and Wolf (1964) claiming the 
isolation of an enzyme-bound metabo'lite or vitamin A that i s apparently 
functional in the react i vation of ATP sulfurylase , These observa ions 
thus appeared to di sagree wi th the previous findings by Wolf and his 
co-workers . Simultaneously wi t h those of Sundareson and Wolf (1963) 
almost similar claims were made by Rogers, Chang, and Johnson (1963) . 
In the meantime Pasternak, Humphries, and Pirie (1963) reported that 
vitamin A deficiency does not affect the synthes is of PAPS in the 
cornea and colonic mucose of rats and rabbits At about the same 
time Subba Rao and Ganguly (1964) showed that the synthesis of PAPS 
is depressed in the liver of vi tami n A deficient rats and that the 
addition of retinol i n vitro i s fully effective i n restoring the lost 
activity, retinoric acid being only parti ally active . 
Caroll and Spencer (1965) and Sundareson (1966) showed a 
decrease of sulfur activation i n vitamin A defi c 'ent an i mals . Subba 
Rao and Ganguly (1966) re i nves igated and demonstrated that 
synthesis of PAPS is decreased i n the l i ver of vitamin A deficient 
rats and that it can be reactivated by the addi ion of vitamin A 
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derivatives in vitro . But Havivi and Wolf (1967) showed that, at 
least in the chick, vitamin A is not involved in the activation of the 
enzyme ATP-sulfurylase. Levi et al . (1968) stated that sulfuryl ase 
ttself is actually more sensitive to altered protein i ntake than to 
vitamin A status . Finally Thomas and Pasternak (1959) concluded that 
neoplastic mast cells in culture do not require vitamin A for growth 
or for the synthesis of heparin . Therefore vitamin A or its 
derivative is not direct ly i nvolved i n the bi osynthesi s of sulfated 
mucopolysaccharide . On the other hand, they described that the direct 
measurement of s35 sulfate showed that the synthes i s of mucopolysaccha-
ri des is uneffected but their turnover is increased by vitamin A 
deficiency. 
Vitamin D. Vi t amin D, the antirachitic vitami n, is a fat-
soluble factor required by most vert eb rates for opt i mal ut ili zation 
of calcium and phosphorus . It may be supplied through the diet or by 
suitable irradiati on of the body . 
Vitamin Dis represented by a group of steroi d alcohols, 
primarily by vitamin o2 (ergocalc i ferol) and vitamin o3 (cholecalc i ferol), 
the latter of which is the mo re i mportant; 0. 025 mg of vitamin o3 
represents the international un it of vitami n D. 
"{c H3 
CH 3 
Ho·· 
Vitamin o3(Provitamin is 
7-dehydrocholesterol) 
(The doub le bond 
between C-22 and 
C-23 is trans . ) 
HO Vitamin o2 (Provitamin 
is ergosterol) 
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Vitamin o2 was isolated in a pure state from the irridation products 
of ergosterol (Askew et al . , 1931 ) . It was fi rst named o2 or 
calciferol, but the offici al name by international agreement i s 
ergocalciferol. 
Not until 1933 was it shown that the form of vitamin D 
present in cod-liver oil (vitamin o3) is distinct from that obtained 
by irradiating ergosterol . It can be obtained artificiall y by 
irradiation of 7-dehydrocholesterol . Its new name is cholecalciferol . 
This is the "natural" form of vitamin D, produced in the animal body 
under the action of ultraviolet rays . 
Other forms of vitamin D also have been found to occur in 
traces in some products and are sometimes referred to as o4 , o5, 
etc . ; but they are of little practical importance . Vitamin o3 is the 
most potent of the D vitamins, but the question of potency of individual 
members of the vitamin D group is complicated by the fact that there 
is a considerable species difference among animals , For example, 
rats can utilize o2 and o3 to about the same degree, but o2 has only 
little value for chicks (Dam and Sandergaard, 1964) . 
Vi tamin D de fiaienay and exaess in re iati on to bone . Normal 
growth of bone in the human is dependent upon the action of vitamin D. 
The disease known as rickets is caused by deficiency of vitamin D. 
McColl um et al. (1921) stated that rickets is a common distu rbance 
among pigs, lambs, and kids . McCollum et al . (1921), Sherman and 
Pappenheimer (1921), and Steenbock and Black (1925) developed diets 
which will produce rickets in rats . These di ets were imbalanced with 
respect to the mineral elements in addition to a simple deficiency of 
vitamin D. 
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The bone changes in r i ckets have been well studi ed, and it 
is associated with a fa il ure of the matrix to calcify , In the l ong 
bone of children there i s failure of provisional calc i ficat ion and of 
ossification . 
Both in man and i n experimental animals the administration of 
excessive amounts of vitamin D leads to mobilization of minerals from 
the skeleton. Pfannenstiel (1927) was the first to draw attention 
to the fact that an excess i ve intake of irradiated ergosterol could 
be toxic to experimental animals. Kreitmain and Moll (1928) 
recorded the production of calcified deposits in the soft tissue 
under hypervitaminosis D. 
The onset and severity of toxicity symptoms, however, have 
been found to be influenced by a variety of factors which includes 
not only the amount and nature of the vitamin D preparati on, the age 
and species of the animal, but also the dietary level of calcium, 
phosphorus, and vitamin A. Wolbach and Bessey (1942) stated that 
moderate excesses of vitami n D accelerate provisional calcification 
but that larger doses retard growth, presumably because of inter-
ference with cartilage growth . 
Many cases of hypervitami nosis D in man have been described, 
mostly in individuals given massive doses of vitamin D concentrates 
in the treatment of rheumatoid arthritis or tuberculosis (Wolbach and 
Bessey, 1942, and Mulligan, 1947) . 
Sulfur rznd vitamin D. The osseo-symptoms of hypo- and hyper-
vi tami nos is D has resulted i n numerous attempts to elucidate the mode 
of action of this vitamin . A considerable amount of work by many 
investigators has dealt with the influence of vitamin Don the 
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absorption and excretion of minerals . Oziewiatkowski (1954c) reported 
that inorganic sulfate-sulfur in the serum of vitamin O defici ent rats 
was higher than that in normal rats of the same age . He showed that 
the rate of synthesis of chondroitin sulfate in the vitamin O 
deficient rats is similar to the rate in normal rats of the same age . 
Likewise, the incorporation of s35 into the sulfomucopolysaccharide 
was equal at 12 hours to that in normal and rachitic rats . Following 
the administration of vitamin o2 to deficient animals, an increase in 
the rate of synthesis of chondroitin sulfate of skeletons was noted. 
These evidences suggest that there is in vitamin 0 deficient rats an 
impaired utilization of chondroitin sulfate and that vitamin o2 is able 
to accelerate this process . Oziewiatkowski (1954c) and Ballet and 
Nance (1966) demonstrated that osteorachitic cartilage, caused by any 
pathogentic factor, shows a decrease in chondroitin sulfate concentra-
tion. Clark and Smith (1964) concluded that toxic amounts of vitamin O 
increased the absolute amount of mucopolysaccharides in rats . 
Effects of vitamin A and D on skeletal metabo l ism. Hyper-
vitaminosis A causes rarefraction and fragility of the bones of growing 
animals . Soft tissue calcification is never found (Collazo and 
Rodridquez, 1933). On the other hand, vitamin A deficiency may cause 
renal calcification (Van Leersun, 1928). Hypervitaminosis 0, as was 
already described, causes skeletal abnormalities and soft tissue 
calcification. 
Isotopic studies have shown that a single massive dose of 
vitamin O causes a marked increase in urinary radiocalcium derived from 
bone, whereas a single toxic dose of vitamin A increases urinary radio-
phosphorus (Clark, 1961) . Hence, vitamins A and 0 appear to effect 
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different constituents of bone . 
In 1936, Tabor, Dutcher, and Guerrant showed that a majority 
of rats receiving 90 IU of vitamin A per gram of food man ifested more 
marked rickets than an i mals receiving lower levels . Fitch (1943) and 
Ewer (1950) have reported that green food caused rickets i n sheep, 
and it was observed that cod-liver oil but not bone flour would 
alleviate this problem. Further studies by Grant (1953) showed that 
the rachitogenic factor was carotene . Studies in 1954 by Weits con-
firmed Grant ' s observati on, and later he ind'cated that both carotene 
and vitamin A diminished the degree of healing of rickets that occurred 
when vitamin D alone was given to rats , Grant and O' Hara (1957) con-
cluded that the rach i togenic factor was probably vi tamin A itself . 
Hendricks et al , (1967) have shown that neither retinyl acetate or 
veta carotene is rachitogenic to the baby pig when fed at recommended 
levels. 
The effect of combined hypervi taminosis A and D was studied 
by Clark and Basset (1962) and it was shown that the administration of 
large amounts of vitamin A to hypervitaminos i s D rats decreased the 
toxicity of vitamin D. In 1964 Clark and Smith demonstrated that an 
increased bone mineral turnover is observed with large amounts of 
vitamin A. Toxic amounts of vitami n A decrease mucopolysaccharides 
of bone with no significant changes in ash content , On the other hand, 
toxic amounts of vitamin D decreases the ash with increases in the 
absolute amount of mucopolysacchari de . The combination of large 
amounts of vitamin A with vitamin D partially prevents the pathological 
changes observed in the skeleton on hypervitamin D. Hendricks et al . 
(1967) showed that as dietary ergocalciferol increased, liver storage 
of vitamin A was decreased when beta carotene was the source of 
dietary vitamin A activity , 
METHODS AND PROCEDURES 
Experimental Design 
Two experiments were carried out to study the effects of 
1 evel and source of vitamin A and D on sulfur metabol i sm . 
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Experiment I utili zed 32 baby pi gs (16 pi gs in each rep) fed 
a purified diet (Table 1) containing 1000 IU1 and 4000 IU retinyl 
acetate or 4 mg and 16 mg of beta carotene with 100 ru2 and 1000 IU 
of ergocalc-iferol pel ' kg of diet (Table 2) . Th is experiment was 
planned to determine the effect of level of vitamin D and level and 
source of vitamin A on sulfur metabolism . 
Table 1. Composition of purified di ets 
Casein1 a- Cellulose2 Glucose3 Mineral 
. . T 
Sources Lard mi xture4 
V~tamrn4 Corn 
mi xture 
% 30 5 5 I 53 6 + 1 
1vitamin -free casein, Nutritional Bi ochemical Corporation, 
Cleveland, Ohio . 
vitamin 
2solka Floe, Brown Company, Chicago, Ill i nois . 
3cerelose, Corn Products Company, Argo, Illinois . 
4see Appendix 1. 
5Mazola, Corn Products Company, Argo, Illinois . 
1one IU of vitamin A is equal to . 34 mcg of crystallin 
A acetate . 
. , s 
01 
2one IU of vitamin D is equal to .025 mcg of pure crystallin 
vitamin D3. 
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Table 2. Experimenta l des i gn (Tri al I, rep I and II) 
E rgoca l ci fero 1 
Source 
Beta carotene, 4 mg 
Beta carotene, 16 mg 
Retinyl acetate, 1000 IU 
(vit A) 
Retinyl acetate, 4000 IU 
( vit A) 
aNumber of pi gs 
100 IU 
x x 
x x 
1000 IU 
x 
x 
x 
x 
x 
x 
x 
x 
The second experi ment utilized 16 baby pigs fed the same di et 
with beta carotene (8 mg) and retinyl acetate (2000 IU) as the 
vitamin A variable and ergocalciferol (D2 100 IU) and cholecalciferol 
(03 100 IU) as the vitamin D variables (Table 3). This experiment was 
carried out to determine the effects of source of vitamin D and source 
of vitami n A on sulfur metabolism . 
Table 3 . Experimental design (Tri al II) 
Source 
Beta carotene, 8 mg 
Retinyl acetate, 2000 IU 
(vit A) 
aNumber of pi gs 
Ergocal ciferol 
100 I U 
x x x x 
Cho 1eca1cifero1 
100 IU 
x x x x 
x x x x 
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Baby pigs were taken at 3-7 days of age and caged in pairs 
balanced for sex, we i gh t , and litter as far as possible. The we i ght 
of pigs was between 1.24 and 3. 38 kg . A purified di et in the form of 
a dry meal was placed in small feede rs, and intake was encouraged by 
placing small amounts in the animals 1 mouths every four hours for the 
first few days after taking from the sow . 
Pigs were housed in a room in which all windows were painted 
to prevent the entrance of ultraviolet rays . Room temperature was held 
constant at 30° C. Animals were fed with a low vitamin D (100 IU) and 
low beta carotene (4 mg) diet the first 3 days in order to prevent the 
storage 6f vitamin A in the liver . After 3 days they were placed on 
t he die-tary treatments . All pigs had free access to fresh water during 
the experimental period. Food was we i ghted into feeders and pigs were 
individually weighed weekly . 
Blood was taken from the anteri or vena cava on three occasions 
(initial, after 3 weeks, and after 6 weeks of treatment) during each 
experiment for determinat i on of serum constituents . 
At the conclusion of each trial, pi gs were killed and bones 
and liver were removed and weighed. 
Bone analysis 
Femurs and the eighth ri b from the right side were taken from 
the pigs . The bones were scraped free of all flesh, and the periosteum 
was trimmed from the bone . The cleaned bones were placed in normal 
saline solution (trial I,rep I) and in plastic bags (trial I, rep II) 
and stored at 5° C. Bones from pigs in trial II were stored only one 
day in the refrigerator . 
29 
Specific gravi ty . Both femurs and ribs from each pig were 
weighed in air and water and the specific gravity of the bones were 
calculated. 
Strength tests . Breaking tests were made on each femur by 
using a device which is shown in Figure 1. Loading was applied at the 
center of the femur . The maximal load withstood prior to breakage was 
recorded. Maximal bendi ng moment, M = WL/4, in which Wis maximal load 
in kg and L is the distance between fulcrum in cm was measured. Moment 
of inertia, I = IT/64 (BD3 - bd3), in which IT = 3.14, Band Dare the 
outer horizontal and verti cal diameters of the femur per cm at point of 
breakage and band dare the corresponding inside diameters, was 
determined for all femu rs. Maximal stress, S = MD/21, was calculated; 
and elasticity of femur, E ~ WL 3/48IY, in which Y is the deflection 
at center of bone when load W was applied, was computed (Miller et al . , 
1962). 
Bone ash. After the femur was broken in the strength test, 
it was broken into small pieces and the water and fat extracted. Then 
the ground samples were ashed in a muffle furnace c 
Chemical analysis of blood serum 
After the blood was drawn from animals, it was put into 
acid-washed test tubes . When the blood was coagulated, the clot 
was removed and the serum spun in an international centrifuge at 
1500 RPM for 15 minutes . The cell-free serum was then poured into 
acid-washed vials. The serum was frozen at -20° C until analyzed for 
total and inorganic sulfur . 
Total sulfur in serum. Total sulfur determination was done by 
"' 
Fulcrum 
Deflection 
dial Pressor 
Front View 
/ in. 
0 
0 
in. 
() 
Figure 1. Device used for dete rminati on of bone st1·ength characteristics . 
Sand 
w 
0 
31 
the oxygen combustion technique (Schoniger, 1956) with minor 
modi fications (Lysyji and Za rembo, 1959,and Alicino, 1958). The 
serum (100~) was combus t ed in a Thomas-Schoniger combustion flash. 
Combustion of materi al i n a Thomas-Schoniger flask induced a 
negative pressure inside the flask, making it almost impossible to 
open the stopper even after three hours. The shape of the bottom of 
the flask made it difficult to completely rinse the combustion 
materials. For these reasons, the Thomas-Schon i ger flask was modified 
as follows: 
1. The bottom of the flask was funnel shaped . 
2. A stop cock was attached to the bottom of the flask . 
This modification was shown and explained to a representative 
of the Arthur H. Thomas Company, and it is under consideration as an 
improvement for the combustion flask (Figure 2) . 
Inorganic sulfur in serum. Inorganic sulfur in serum was 
determined by the colorometric method of Letonoff and Reinhold (1936) . 
Cartilage analysis 
Articular cartilage was obtained from the femur of the pigs . 
The bones were cleaned and placed in normal saline solution (Rep I) or 
in an air-tight plast ic bag (Rep II) and stored at -4° C until 
analyzed. In Experiment II, the cartilage was excised from the condylar 
surface of the femur immediately after the animals were kil~ed . The 
product was placed i n an air-tight plastic bag and stored at 4° C only 
one day . Removing cartilage from bones after they were kept in saline 
solution was easy, but it was difficult from the bones which were kept 
frozen . 
The condroitin sulfate and total sulfate cartilage were 
0 ri g i n a 1 fl ask Sample 
Sample in 
Sample folded i n 
paper wrapper 
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Ignition point 
Absorption liquid 
Stopper with ground joint 
Figure 2. Combust i on flask as modified from total S 
determinati on , 
carrier 
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determined on dried, fat-free samples obtai ned by extraction of 
samples in 95 percent alcohol and again in petroleum ethe r for 18 
hours . The samples were then ground to go through a 60 mesh screen 
to insure homogenous sampling . 
Uronic aci d. The f i nely gro und cartilage was weighed 
(approximately 50 mg) and di gested 1n 5 ml of 0. 05 N phosphate buffer, 
pH 7.0, contain i ng 2 mg crystalline trypsin per ml (Pentex, Inc . , 
Kankakee, Illinois) for 16 to 20 hours at 37° C. The di gested solution 
was centrifuged, and one ml of supernatant was used for determination 
of uronic acid by the carbazol method of Di sche (1947) wi th some 
modification by Bitter and Muri (1962) . 
The concentration of chondroitin su l fate can be calcul ated from 
the uron i c acid concent ration, multi plied by a factor of 2.67 (Ballet 
and Nance, 1966). The term "chondroitin sulfate" as used in th is 
study includes the total of chondroitin-4-sulfate plus chondroi tin-6-
sul fate. 
Total sulfu r. Total sulfur determinati on of cartil age was done 
by use of a Thomas-Schon i ge r combusti on fl ask, same as for total sulfur 
in serum. 
Statistical Methods 
The statist i cal ana lysis was carried out by factorial analysis 
of variance. The effects of each treatment and the interaction among 
treatments were tested by "F" test. Then Duncan's multiple range test 
was applied to determine if the differences between treatment means 
were statistically sign ificant . Ch i square analysis was used to study 
the effects of treatments on gain pe r kg of food . This design was 
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used because only the mean values were available due to lot feed i ng. 
All values expressed in tables are group means wi th their standard 
errors. 
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RESULTS AND DISCUSSION 
Phys i ol ogical Response to Dietary Treatment 
Body weight of pigs 
The animals became adjusted to their cages and surroundings 
readily . However, it took a couple of days before they were all 
eating normally . The pi gs were individually weighed each week . Growth 
and feed efficiency data are shown in Tables 4 and 5. The range of 
body weight gain was oetween 7.04 and 16 . 36 kg in Tri al I ana 5,74 ana 
11 . 81 kg in Trial I I . These differences in weight gains were not 
statistically sign i f i can t fo r e i ther Tri al I or Tr ial II . However, 
in Tri al I, vi tami n A and HD1 or LD i n the di et resulted i n greater 
gains than diets conta i ning BC wi th HD or LO. 
Feed consumption records were kept for each tri al . Gain per 
day per pig and gain per kg of food showed no si gnificant differences 
between treatment means by the ch i square analys i s . However, in 
Trial II, pigs rece i ving vi tamin o2 showed slightly higher gains per 
kg of food than pigs fed o3 As expected, treatments had no 
signifi cant effect on the body we i ght ga i ns , This may be due to the 
short period of time (6 weeks) these experiments were conducted which 
1LD refers to the low-vitamin D2 diet containing 100 IU/kg of 
diet . HD refers to the high-vitamin D2 diet containing 1000 IU/kg of 
diet . LA refers to the low ret i nyl acetate diet containing 1000 IU/kg 
of oiet. HA refers to t he hi gh ret i nyl acetate diet containing 4000 
IU/kg of diet . LBC refers to the low beta carotene diet containing 
4 mg/kg of diet . HBC refers to the high beta carotene diet containing 
16 mg/kg of ~iet . 
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allowed for little or no effect on weight of growing baby pigs. A very 
high or very low level of vitamins A and D decreases body weight or 
stops the gain of the experimental animals sharply, but a slightly 
imbalanced diet has almost no effect on growth in the short period of 
time . Clark and Smith (1964) showed that there was almost no gain in 
Table 4. The effect of level of vitamin D and level and source of 
vitamin A on body weight gains and feed efficiency (Trial I) 
Leve 1 of vi t. D, IU 
Source and 1eve1 
cf vit . A 
No. of observation 
Initial wt., kg 
Final wt., kg 
100 1000 
RA,bIU BC,cmg RA, IU IBC, mg 
1000!4000 4 I 16 ioooi4ooo , 4 16 
4 4 4 4 4 I 4 4 4 
2. 19 2.22 2,22 2.20 2.20 12.20 2.25 2.23 
i I 
/ ll . 98 10 .98 11 .93 11 .53 
.005 
.21 I 12 . 21 12 .24 12 ,83 ii.18 
I I I I 
. 2 9 . 2 8 . 30 . 31 . 2 71 . 2 9 . 2 7 . 2 5 .007 Gain per day per pig,kg 
Gain per kg of food, kg . 66 . 65 . 65 .67 .67 .65 .57 .57 , .003 
aSE refers to standard error 
bRA refers to reti nyl acetate 
CBC refers to beta carotene 
rats receiving 10,000 IU of vitamin A and the same units of vitamin D 
per 100 grams of body weight during a 30-day experimental period . 
Bone analysis 
The physiological characteristics of bone were studied . The 
size of the eighth ribs and femurs did not differ with dietary treatment . 
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Table 5. The effects of sources of vitamins D and A on body we i ght 
gains and feed efficiency (Trial II) 
Source of vi t . D o2, 100 I U o3, 100 IU SE a 
Source of vit . A RAb I BCc RA I BC 
2000 JU I 8 mg 2000 IU I 8 mg 
I 
I ifo. of observations 4 I 4 4 4 I 
Initial wt . , kg 2 0 14 2 .15 2. 18 2. 16 .009 
Final wt.', kg 11 . 44 8.82 9.28 9 .13 .60 
Gain per day per pig,kg l . 26 . 19 .20 .20 .017 
Gain per kg of food, kg j .74 .68 • 72 .64 .012 
I 
aSE refers to standard error 
bRA refers to re ti nyl acetate 
CBC refers to beta carotene 
There was no physi cal evidences of rickets in femurs or ribs. Humeri 
were normal in shape, other long bones were not curved; the epiphysis 
at the ankle was not enlarged The weight and density of the eighth 
rib and average of right and left femurs are shown in Tables 6 and 7. 
The rib density and we i ght ranged between 1 .05 and 1.22 and 3.77 and 
8.45 gm in Trial I and 1 . 11 and 1.2 1 and 2.85 and 5.86 gm in Trail II . 
The weight and density of femurs ranged between 33 .93 and 74 .54 gm and 
and 1.15 and 1.21 and 28 . 67 and 56.44 gm and 1.12 and 1. 18 in Tri al I 
and II respectively. No statistically significant differences were 
found in these data . 
Strength characteristics of the femur are shown in Tables 6 
and 7. The maximal load withstood prior to breakage ranged from 46 .58 
to 108 .58 kg and 33 .34 to 82 . 37 kg in the first and second trials, 
Table 6. The effects of level of vitamin D and level and source of vitamin A on bone 
characteristics and liver weight (Trial I) 
Level vitamin D, IU 100 1000 SE a 
Source and level of RAb, IU BCc, mg RA, IU BC, mg 
vitamin A 1000 4000 4 16 1000 4000 4 16 
No. of observations 4 4 4 4 4 4 4 4 
8th . b t r1 w . , g 5. 48 5.46 5. 77 6.34 5.94 5 . 15 5.83 5,41 0.260 
8th rib density 1. 14 1.14 1.12 1. 11 l. 16 1. 12 Ll2 1 13 0. 008 
No . of obse rvations 8 8 8 8 8 8 8 8 
Femur wt., g 51.52 53 .82 57 14 58 04 54 . 71 58 56 52 .91 50 , 74 1.40 
Femur dens i ty l.18 L 18 l.1 7 l. 17 l.18 L 18 1.17 1.17 0.005 
Ash, % of dry fat free bone 45 . 04 45 .94 43.94 44 21 45 . 66 47 26 43 . 77 44 .62 0.28 
Femur strength 
Breaking load, kg 77 .8 79 .6 74 .6 80 . 3 74.2 78 .4 73,4 65 .0 1. 92 
Bending moment, kg/cm 137 . 9 142.0 135. 3 146 .3 134 .7 151. 7 129 .4 117 .6 3. 85 
Moment of inertia, cm' 0. 10 0. 11 0. 12 0. 13 0. 1 l 0 . 12 0. 12 o. 10 0.005 
Breaki ng stress, kg/cm' 918.0 900 .2 789 .5 783 . 7 832.4 980 . 7 789A 795 .7 33 . 7 
Young's modulus of 
elasti city, 1000 kg/cm2 10.8 11 1 10 .4 9.6 10. 9 12.3 10 .5 10 . 9 o. 32 
Liver wt., g 390 .0 344 .0 324 .0 333 .0 309.0 370 . 0 316 .0 312 .0 10 .0 
% of body wt . 2 .94 2.78 2.48 2. 01 2.49 3.00 2.62 2. 74 0.07 
bRetinyl acetate; 
w 
aStandard error; cBeta carotene 00 
Table 7. The effects of sou rce of vi tami ns D and A on bone 
characteri stics and l i ve r we i ght (Tri al II) 
Source of vit . D 
Source of vi A 
No. of observations 
8th rib we i ght, g 
8th rib density 
No . of observations 
Femur weight, g 
(left and right) 
Femur density 
Ash, % of dry fat free 
bone 
Femur strength 
Breaking load, kg 
Bending momen t , kg/ cm 
Moment of inerti a, cm ~ 
Breaking stress, kg/cm 2 
Young 1 s modulus of 
el as ti city, 1000 
kg/cm2 
Liver weight, g 
% of body weight 
aStandard error 
bRetinyl acetate 
cBeta carotene 
o2 , 100 IU 
RAb BCc 
2000 IU 8 mg 
4 
4.52 
1.17 
8 
45 .05 
i. i 6 
42 .35 
64 .5 
111 . 9 
. 10 
826.4 
11 . 8 
300 .7 
2 . 98 
4 
4.21 
1. 15 
8 
45 .01 
1. 15 
40 . 87 
70 .0 
110 .3 
. 11 
795 .5 
7 1 
307 .2 
3 11 
o3 , 100 I U 
RA BC 
2000 IU 8 mg 
4 
4.42 
1.15 
8 
48 . 75 
1 . 15 
41.99 
68 .3 
115 .o 
. 10 
723 .9 
10.8 
241 0 
2 . 91 
4 
4.43 
1.18 
8 
44 . 71 
1. 16 
41.90 
60 .9 
108 .8 
. 11 
669 .4 
10 .8 
347 .2 
3.60 
39 
.255 
.009 
1. 32 
.007 
. 39 
2 .12 
4. 41 
. 011 
29 .2 
1.03 
43.4 
. 25 
respectively . Only fou r animals per treatment were used; therefore, 
it was very difficult to show stati stical differences. Trends, 
howeve r , can be noted even in small numbers of observations per 
treatment . From the pe r formance and bone strength data, it appears 
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that there is little difference in the response of these criteria to 
the high level and low level of vitamin o2 (Trial I) and o2 or o3 
(Trial II). Bones from pigs rece i ving high levels of vitamins A and 
D showed highest values for most characteristics of bone strength; 
AD2 or BCD2 gave higher values for breaking load, breaking stress, 
and e 1 as tic i ty. 
Miller et al . (1962) stated that femur and rib weights were 
not dependent on the level of Ca either in the diet or in blood serum 
during a six-week experiment with baby pigs . The specific gravities 
and mineral composition, however, were positively related to the 
calcium level in the diet . Clark and Smith {1964) demonstrated that 
the percent weight of femur and tibia decreased when the rat was 
fed 10,000 units of vitamin A combined with 10,000 units of vitamin D 
per grams of body weight. 
Lowered blood P and Ca, or to be more precise a lowered Ca x P 
product, is the direct cause of decreasing the bone strength (Harris 
and Innes, 1931). Maximal breaking load increased with increasing 
dietary Ca; likewise maximal bending movement is positively related 
to Ca intake level (Miller et al. , 1962) . In this experiment the 
level of blood inorganic phosphate and the product of Ca x P were not 
significantly affected by a dietary imbalance of vitamins A and D 
(Hendricks, 1969) . 
Femur ash values are recorded in Tables 6 and 7. The analysis 
of variance and Duncan 's multiple range test are shown in Tables 8 
through 10. In Trial I, the F-test was significant for sources of 
A (P <.01) and level of A (P <.10) . The differences among treatment means 
showed that femurs from pigs receiving high levels of vitamin D and A 
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Table 8. Analysis of variance of bone ash as affected by level of 
vitamin D and level and source of vitamin A (Trial I) 
Source df MS F 
Vitamin D 3, 30 a 
Source A 1 27 . 77 ** 
Leve 1 A 1 7.91 * 
v x s . 58 
V X L . 42 
S X L .29 
V X S X L .02 
Error 8 2.87 
as; gn i fi cant at .10 1 evel 
iirs; gni fi cant at . 05 level 
**Si gni fi cant at . 01 1 evel 
Table 9. Duncan's multiple range test for bone ash as affected by 
level of vitamin D and level and source of vitamin A 
(Tri a 1 I) 
Treatment means 43 .58 43.77 44 .21 44 .62 45 .04 45.66 ~5 . 94 47 .26 
HD HA 47 .26 S** S** NS NS NS NS NS 0 
LO HA 45.94 S* NS NS NS NS NS 0 
HD LA 45 .66 S* NS NS NS NS 0 
LO LA 45.04 NS NS NS NS 0 
HOH BC 44.62 r~s NS NS 0 
LOH BC 44 . 21 NS NS 0 
HOL BC 43 . 77 NS 0 
LOL BC 43.58 0 
S* s i gn i f i cant at .05 level 
S** significant at . 01 1eve1 
NS not significant 
Table 10. Analysis of variance (A) and Duncan ' s test (B) for 
bone ash as qffected by various sources of vitamins D 
and A (Trial II) 
(A) (B) 
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Source df MS F Treatment 40 . 87 41 . 90 41 .99 42 . 35 means 
Vit D .38 AD2 42 . 35 S* NS NS 0 
Vit A . 16 AD 3 41. 99 SI NS 0 
D X A 6. 86 * BCD3 41 . 90 NS 0 
Error 12 5.20 BCD2 40 . 87 0 
S* significant at .05 level 
* significant at . 10 level 
contain significantly mo re ash than HDLBC or LDLBC (P <. 01) . But 
the differences among treatments with a low level of vitamin D and a 
high level of vitamin A was not highly significant (P <.10) . In 
summary, the retinyl acetate increased and Beta carotene decreased 
the amount of ash either with the low or high level of vitamin D. 
In Trial II the interaction between vitamin D and A was the 
only significant finding (P <. 10) . Data show that dietary AD2 and AD3 
allowed for higher bone mineral deposition than with BCD2 and BCD3. 
Beta carotene does not appear to promote bone mineralization as much 
as vitamin A. 
In 1954 Weits demonstrated that both carotene and vitamin A 
diminished the degree of healing of rickets that occurred when 
vitamin D alone was given to rats . 
Clark and Smith (1964) showed that toxic amounts of vitamin D 
alone or combined with high levels of vitamin A (l~,000 IU/100 gm of 
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Table 11. Analysis of variance (A) and Duncan's test (B) for liver 
(% of swa) as affected by various sources of vitamins D 
and A (Trial II) 
(A) (B) 
Source df MS F Treatment 2.91 2,98 3. 11 3.60 
means 
Vit D 1 . 16 BCD 3 3. 60 S** S** S* 0 
Vit A 1 . 63 * BCD2 3. 11 NS NS 0 
D X A l .98 AD2 2.98 NS 0 
Error 12 . 35 AD3 2. 91 0 
aBW refers to body weight 
S* significant at . 05 leve 1 
S** sig~ificant at .Cl I e vr= ~ 
NS not si gnificant 
higher (P <. 01) than relat i ve liver we i ght of those pigs receiving 
retinyl acetate with vitamin D2 or o3 using the same dietary treat-
ments. Hendricks (1969) demonstrated that liver stores di d reflect 
vitamin A intake with beta carotene providing only 3.7 percent of 
the stores provided by an equival ent weight of retinyl acetate . 
Chemical Analysis 
Blood 
Total sulfur and inorgan i c sulfur of blood serum were deter-
mined in both trials . The mean values of total sulfur (S) in Trial I & II 
are shown in Tables 12 and 13 . Data of Trial I indicated a trend 
toward increasing total S with inc reasing dietary vitamin D 
(Figures 3 and 4) . However, statistical analysis did not show any 
significant variation of thes e values for the effect of dietary 
Table 12 . Effect of level of vitamin D and level and source of 
vitamin A on inorganic and total sulfur in serum 
(Trial I) 
Leve 1 of vi t D, I U 
Source and 1eve1 
of vitamin A 
No. of observations 
Serum inorganic s 
(mg/100 ml) 
Initial 
Three weeks 
Six weeks 
Serum total S 
(mg/100 m1) 
Initial 
Three weeks 
Six weeks 
aStandard error 
bRetinyl acetate 
cBeta carotene 
100 
RA,b IU 
1000 4000 
4 4 
2.0 2.8 
2.3 2.6 
2.5 2. 3 
5. 6 5.4 
5.3 5.6 
5. 1 5.8 
1000 
BC, c m_g_ RA, IU BC, m_g_ 
4 16 1000 4000 4 16 
4 4 4 4 4 4 
2,0 2.9 2.7 1.8 1 7 1.5 
2' 1 2.6 2.4 2.2 2.2 1.9 
2.6 2.4 2.2 2. 4 2.2 2.0 
4.9 5.5 6.5 5,3 5.6 5. 3 
5 ' l 5.8 5. 2 5,5 5.7 5. 7 
5.4 6.0 5.9 5.7 6' 1 5.9 
45 
SE a 
.2 
.08 
.07 
.50 
.09 
.22 
treatment . In Trial II, source of vitamin D had a highly significant 
effect on the level of total S in se r um . Vitamin o3 in the di et was 
more active in increasing total S in the serum than o2. On the other 
hand, vitamin o2 possibly kept more S in cartilage (Tables 14 and 15) . 
From Figure 5, it is apparent that vitamin o2 lowered total S in serum 
when fed with either retinyl acetate or beta carotene. 
Mean values, analysis of variance, and Duncan 1 s tests for 
serum inorganic S are given in Tables 16-19 respectively . Analysis of 
data from Trial I shows that dietary treatments affected the level of 
Table 13 . Effect of source of vitamins D and A on inorganic and 
total sulfur in serum (Trial II) 
Source of vi t D o2 , 100 I U 
Source of vi t A RAb BCC 
2000 IU 8 mg 
No. of observations 4 4 
Serum inorganics 
(mg/100 ml) 
Initial 1.80 2. 14 
Three weeks 1.59 1. 70 
Six weeks 1. 30 1.50 
Total S 
(mg/100 ml) 
Initial 5. 86 6.09 
Three weeks 5 79 6.97 
Six weeks 5. 69 5.92 
aSE refers to s andard error 
bRA refers to retinyl acetate 
CBC refers to beta carotene 
o3, 100 IU 
RA BC 
2000 IU 8 mg 
4 4 
2.29 2. 12 . l 0 
1.90 1. 80 .07 
1.62 1 .40 .07 
6. 46 6.25 . 12 
6.48 6.35 .24 
6. 59 6.40 . 20 
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inorganic S in serum. There was no difference between vita~in A and 
BC on the serum inorgan ic sulfur. The l evel of inorganic S was 
significantly lowered in pigs receiving the high level of vitamin D 
and either low BC, low A, or HBC (Figures 6 and 7) . Pigs in rep I and II 
showed the same pattern of inorganic S in serum as ill ustrated in 
Figures 6 and 7. Low levels of dietary vitamin A. decreases the in-
tensity of sul fate-s 35 incorporation into mucopolysacchari de 
(Velykyl, Dusheiko, and Chahovets, 1968). Hyperv itaminosis A results 
in reduction of about 30 percent in the formation of 31 -phosphoadenosine 
51 -phosphate (PAPS) in cartilage (Mukherji and Bacchawat , l 966b) , Hyper-
vitaminosis A prevents suffici ent oxi dation of methion ine to sulfate 
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Table 14. Analysis of variance of total S in serum as affected 
by source of vitamins D and A (Trial II)--lst, 2nd, and 
3rd bleeding 
Source df 1st bleeding 2nd bleeding 3rd bleeding 
MS F MS F MS 
Vit D .62 a 1.20 * 1. 27 
Vit A .02 . 00 .09 
D X A . 10 .00 .02 
Error 12 . 32 . 24 
asi gni fi cant at level . 10 
*significant at level . 05 
**significant at level . 01 
Table 15. Duncan 1 s test of total S as affected by sources of 
vitamins D and A (Trial II)--3rd bleeding 
Treatment means 5.69 5.92 6.40 6.59 
AD3 6. 59 s NS NS 0 
BCD3 6.40 s NS 0 
BCD2 5. 92 NS 0 
AD2 5. 69 0 
s significant at level .05 
l~S not s i gni fi cant 
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Table 16 . Analysis of variance of inorganic S in serum as 
affected by level of vitamin D and source and level 
of vitamin A (Trial I, rep I and II) 
Source df MS F 
Vit D l 0.55 ** 
Source A l 0. 03 * 
Level A 0.07 ** 
v x s 0. 19 ** 
v x L 0. 09 ** 
s x v 0. 16 ** 
v x s x L l O. ll ** 
Error 8 0. 01 
**significant at 0.01 level 
*significant at 0. l O level 
Table l 7. Duncan's multiple range test inorgan i c S in serum as 
affected by levels of vitamin D and level and source 
of vitamin A (Trial I, rep I and I I) 
Treatment 2.0 2.2 2.2 2. 3 2.4 2.4 2.5 2.6 
LDLBC 2.6 S** S** S** S** S** S* NS 0 
LOLA 2.5 S** S** S** S** NS NS 0 
HDHA 2.4 S** S** S** NS 0 0 
LDHBD 2.4 S** S** S** NS 0 
LDHA 2.3 S** NS NS 0 
HDLBC 2.2 S** NS 0 
HDLA 2.2 S** 0 
HDHA 2.0 0 
S* significant at .05 l eve 1 
S** si gnificant at . Ol level 
NS not significant 
51 
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Table 18. Analysis of variance of inorganic S in serum as affected 
~y sources of vitamins D and A (Trial II)--lst, 2nd, and 
3rd bleeding 
Source df 1st bleeding 2nd bleeding 3rd bleeding MS F MS F MS F 
Vit D .23 ** .1791 ** .0479 ** 
Vit A .04 ** .0004 .0003 
D X A l .23 ** .0496 ** .1798 ** 
Error 12 .00 .0003 .0003 
** significant at 1 evel . 01 
Table 19. Duncan's test of inorganic S in serum as affected by 
sources of vitamins D and A (Trial II)--3rd bleeding 
Treatment means 1.30 1.40 1. 50 1. 62 
A0 3 1.62 S** S** S** 0 
BCD2 1.50 S** S** 0 
BCD3 1.40 S** 0 
AD 2 1. 30 0 
S** significant at level .01 
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for mucopolysaccharide synthesis (Samond and Kemmer, 1968) . Inorganic 
S concentration in the serum of vitami n D deficient rats was found to 
be higher than that in the se rum of normal rats (Dziewiatkowski, 1954c) . 
The combination of large amounts of vitamin A with vitamin D lowered 
the concentration of chondroitin S in cartilage but not as low as 
hypervitaminosis A (Clark and Smith, 1964) . All the above observations 
show that an imbalanced di et with respect to vitamins A and D will 
increase the level of inorganic S in serum and decrease the concentra-
tion of chondroitin Sin cartilage . 
In Trial II, vitamin o2 lowered the serum inorganic S either 
with retinyl acetate or beta carotene. Vitamin o3 increased inorganic 
Sand total Sin serum (Fi gure 6) . These results were stat i sti cally 
significant . Thus the data showed that there are di fferences i n S 
metabolism in baby pi gs wh ich can be ascribed to the form of vitamin D 
in the diet. 
Cartilage 
Values of uronic acid and total sulfur in cartilage are shown 
in Tables 20 and 21 . The cartilage from pigs in Trial I, rep I and 
kept in normal saline solution had lower uron i c acid concentration 
than cartilage from pigs i n rep II which was kept in plastic bags 
and frozen. Fresh cartilage in Trial II showed higher concentrations 
than that of Trial I (Figure 8) . The concentration of total S was 
decreased with pretreatment but not as much as uronic acid (Figure 9). 
The molecule of chondroitin sulfate is easily depolymerized 
with dilute alkali which i s used as an old macrochemical method for 
extraction (Blix and Snellman, 1945) . Bray, Gregory, and Stacey (1944) 
Table 20 . Percentage of uron1c acid and total S in cart il age as 
affected by level of vi tamin D and level and source of 
vitamin A (T ri al I, rep I and II) 
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Level vit D, IU 100 1000 SE a 
Level and source RA ,b IU BC,c mg 
of vitamin A 1000 4000 4 8 
No. of obs er-
vations 4 4 4 4 
Uronic acid 
rep I 
(mg/ lOOt mg) .28 .13 -16 . 32 
rep II 
(mg/100 mg) 1.57 1. 46 1. 30 1.62 
Total S 
rep I 
(mg/100 mg) .58 ,82 61 64 
rep I I 
• (mg/100 mg) 1.04 1 12 1 13 1 .35 
aSE refers to standard error 
bRA refers to ret i nyl acetate 
CBC refers to beta carot ene 
RA, IU BC, m_R 
1000 4000 4 8 
I 
4 4 4 4 
.20 .40 , 30 . 08 .04 
1. 80 1 51 1.51 l.58 .05 
.43 , 61 . 59 . 46 .041 
94 1.23 l. 41 1. 27 .053 
and Meyer (1938) demonstrated that by us i ng saline soluti on for the 
extraction, more native preparation could be obtained, but the yield 
was usually very low. Meyer and Smith (1937) descri bed a method of 
preparation of chondroitin sulfate from cartilage which involved an 
extracti on with 10 percent CaC1 2 solution followed by deproteinization. 
Relative vis cosity is i nfluenced by slight variations in the pH of 
the solvent (Sylven, 1947) 
Dziewiatkows~ (1956) and Dahlman (1956) both demonstrated that 
Table 21 . Percentage of uronic acid and total S in cartil age as 
affected by source of vitamins D and A (Trial II) 
Source of vit D o2, 100 I U 
Source of vit A 
RAb BCC 
Hioo ru ' 4 mg 
No . of observati ons 4 4 
Uronic acid 
{mg/100 mg) 4 57 4. 74 
Total S 
(mg/100 mg) 1.23 1.1 4 
aSE refers to standard error 
bRA refers to retinyl acetate 
cBC refers to beta carotene 
o3, l 00 IU SE a 
RA BC 
moo I u 4 mg 
4 4 
4.50 4 65 05 
1.17 1 16 .02 
57 
sulfate group can be eas ily split away from chondroitin sulfate. 
Dodgson and Lloyd (1957) found chondrosulfatase in micro-organisms. 
In rats, pretreated with antibiotic, labeled inorganic sulfur was 
found in urine when chondroitin sulfate, s35 , was given subcutaneously 
(Dohlman, 1956). 
On the basis of these observations, it appears that chondroitin 
sulfate was depolymerized in cartil age which was kept in saline 
solution and probably also in that which was kept frozen for a long 
time (Trial I, rep I and II) Total S of cartilage did not decrease 
with pretreatment of bone (kept in saline) as markedly as uronic acid. 
The level of chondroitin sulfate and total S i n the cartilage 
was not affected by dieta ry treatments However, the data of Trial I 
showed a trend that chondroitin sulfate concentra t ion was higher in pigs 
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fed a high level of vitamin O than in those fed a low level of 
vitamin D. This is in agreement with Dziewiatko~ki 's work in 1954 
that by radiochemical and radioau t og raph ic methods there ·is an ·i111paired 
utilizcttion of chondroiti n sulfate in vitamin D defi ci ent rats and 
that vitamin D is able to accele rate this process . In the same trial, 
pigs receiving retinyl acetate showed higher concentration of uronic 
acid in cartilage than pigs receiving beta carotene . Vitamin o2 
slightly increased the level of uronic aci d, and vitamin o3 lowered 
i t (Tri a l II ) . 
High levels of vitamin D tended to decrease the level of total 
S in cartilage in coniparison to low level of vitamin Din the diet . 
Beta carotene increased total S concentration i n cartilage while 
dietary retinyl acetat e resulted in a reduction of total S in 
cartilage. 
The different effect of retinyl acetate and beta carotene 
on bone ash, relative liver we i ght, vitamin A store, in liver, total S, 
and uronic acid would sugges t that convers i on of beta carotene to 
vitamti A is not adequate to prevent a mild hypovitaminosis A in the 
infant pig, particularly when high levels of dietary vitamin Dare in 
the diet . 
Sulfate activati on, in mos forms of life, depends on two 
ctctivation steps, each utiliziny a molecule of ATP as shown below . 
The ~ ulfated nucleotide intermediates are adenos i ne 51 -phosphosulfate 
(APS) and 3'-phosphoadenosine S'-phosphate (PAPS) . From the latter 
molecule, usually, sulfa te is transferred to polysaccharide . Suzuki 
and ~tromi nger ( 1960 ) extracted an enzyme, sul fotrans ferase, from the 
isthmus of hen oviduc ts which catal y es he transfer of s35 sulfate 
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from (PAPS) to po lysaccharide accept ors i ncludi ng chondroi t i n sulfate 
A, B, and C. 
Mg++ vit A M ++ . A Mg++ vit A g ,V l 
"' 
{{I J, 
su~ase ;. APS phospho_!_r~nsferase _!.o, PAPS sulfa t rans feras3> RS so4 / ( ~/ / ; 
ATP pp ATP ADP R PAP 
Sulfate act i vation 
For activation of these three enzymes which are involved in 
++ transformation of so4, Mg and vitamin A are necessa ry. In 1960, the 
first evidence was pub l ished by Va ranpan i and his cowo rkers wh i ch 
indicated a direct systemic fun ct i on of vi amin A controlling the 
activity of the enzyme sulfarylase , 
In 1954, Dziew i a tkow~k i showed hi ghe r concentrati ons of serum 
inorganic sulfate and l ower concentration of s35 chondroitin sulfate in 
vitamin A deficient rats than control animals . Frape et al . (1959) 
claimed that uptake of sulfate by cart i lage was decreased in vitamin A 
deficient rats . Varandan i , Wolf, and Johnson (1960) demonstrated a 
decrease in the synthes i s of (PAPS ) i n vitamin A defic i ent rats . 
Sundareson and Wolf (1963) aga i n got the same result in vitamin A 
deficient rat tissue , Subba Rao and Gangu ly (1966) showed that PAPS 
is decreased in the l i ver of vi t amin A defici ent rats . 
Fell and Mellenby (1952), Frape et al . (1959), Wolf and 
Varandani (1960), Dingle, Lucy, and Fell (1961), and Rodahl (1965) have 
shown in vivo and in vi tro that excess vitamin A decreased the concen-
tration of chondroitin sulfate i n the bone matrix . McElligot (1962) 
observed that large doses of vi ami n A i mpa i rs the ab i lity of cartilage 
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cells to fix inorganic sulfate . Mukherji and Bacchawat (1966~) 
demonstrated that uron ic acid dec reased in epiphyseal cartilage in 
hypervitaminosis A. 
Dziewiatkowski (1954c) reported that inorganic sulfate-
sulfur in the serum of vitami n D defici ent rats was higher than that 
in the normal rats of the same age , Clark and Smith (1964) concluded 
that toxic amounts of vitamin D increased the mucopolysaccharide con-
centration in rats . 
In this experiment, the infant pigs were reared on synthetic 
diets containing one-fifth to two times the NRC 1 requirement levels 
for vitamin D and one-half to two times the requirement for retinyl 
a::etate, or two to eight times the requirement for beta carotene . 
These levels of vitamins were not toxic nor absolutely deficient but 
slightly higher or l ower than recommended va l ues o This imbalanced 
diet in Trial I affected the level of inorganic su l fur in serum. The 
infant pigs receiving high levels of vitamin D and either low BC, 
low A, or high BC showed a significant decrease of inorganic S in 
serum. The concentrati on of total S in serum i ncreased in the above 
treatment, but it was not statistically significant , On the other 
hand, the concentration of uronic acid, in cartilage, showed an 
increase; but th is increase was not sta istically significant when 
compared to low vitamin D treatments . 
In response to retinyl acetate and beta carotene, total and 
inorganic S in serum and uronic aci d concentration in cartilage in 
Trial II agreed with the results whi ch were obtained in Trial I . 
1National Research Coun il . 
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Vitamin o3 increased total S and inorganic S i n serum in comparison 
with vitamin o2. 
The present investigat ion was des i gned t o obtain response of 
sulfur in cartilage and se r um with respect to an i mblanced diet of 
vitamins D and A or beta carotene in a short period of time (6 weeks) . 
Although the response of concentration of uron i c acid and total S in 
cartilage and inorgan ic and total S in serum and some physiological 
responses followed the expected f i ndi ng, some did not show significant 
results. This might be attributed to the short period of observation . 
Larger levels of vitamins might increase the response, especially in 
bone, significantly . 
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SUMMARY AND CONCLUSION 
Summary 
Forty-eight infant pi gs of both sexes were used in this 
study. Pigs were taken from the sow when 3-7 days old and placed in 
wire bottomed metal cages . Thirty-two infant pigs had been reared on 
synthetic diets containing 100 or 1000 IU of ergocalciferol and 1000 
or 4000 IU of retinyl acetate or 4 orl6 mg of beta carotene/kg of 
diet. This trial was conducted to determi ne the effects of level of 
vitamin D and level and source of vitamin A on sulfur metabolism in 
cartilage and blood serum. Sixteen pigs receiving the same basal 
diet plus 100 IU of ergocalcife rol (D2) or cholecalciferol (D 3) and 
2000 IU of retinyl acetate or 8 mg of beta carotene/kg of diet were 
used in Trail II . Trial II was carried out to study the effect of 
different sources of vitamin D and vitamin A on sulfur metabolism . 
Neither growth nor feed efficiency was significally influenced 
by diet, but in Trial II pigs receiving vitamin D2 showed higher gains 
per kg of food than pigs fed D3. 
The weight and density of rib and femur did not show any 
differences due to die t . Different sources and levels of vitamins A 
and D did not affect strength characteristics of femur. However, 
trends indicated that high levels of ergocalciferol (D2) slightly 
increased the bone strength. Retinyl acetate significantly increased 
mineralization of bone in comparison with beta carotene . In Trial II, 
treatment wi th AD2 resulted in the hi ghest level of mineral deposition 
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in bone . In the same trial, the relative liver weight of baby pigs 
receiving beta carotene either with vi tamin o2 or o3 was significantly 
higher than pigs receiving retinyl acetate . 
There were not significant di fferences among treatments in 
total sulfur of serum. However, a slight increase of tota l sulfur 
concentration in serum was noted in animals maintained on 1000 IU 
vitamin O/kg diet (Trial I) . Serum total sulfur was increased 
significantly by vitamin o2 (Trial II). Inorganic sulfur in Trial I 
was lowered by high levels of vitamin 0 and either low beta carotene, 
low A, or high BC. 
The level of vitamin 0 and source and level of vitamin A did 
not affect the concentration of uronic acid in cartilage . However, 
trends showed that in Trial I, uronic acid was higher in cartilage 
from the pigs receiving the high level of vitamin O than in those fed 
the low level of vitamin O; and in Trial II, vitamin o2 increased the 
level of uronic acid in cartilage . High levels of vitamin o2 tended 
to decrease the level of total S in cartilage in comparison to low 
level of vitamin O in diet. Beta carotene increased total S con-
centration in cartilage while retinyl acetate showed reduction of 
total sulfur in cartilage . 
Conclusion and Comments 
The present investi~ation was designed to study the response 
of sulfur in cartilage and serum to an imbalanced diet with respect to 
vitamins A and 0. The response of sulfur in serum was more significant 
than the response in the bone , This might be attributed to the short 
period of observation with only slight vitamin imbalances . 
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However, within the limits of the experimental conditions 
empl oye d, the results of this study have led to the following con-
cl us·ions: 
1. The effect of level of vitamin D and level and source of 
vitamin A on sulfur . 
a. Retinyl acetate significantly increased the bone ash 
in comparison to dietary beta carotene . 
b. In this experiment, dietary beta carotene was only 
3.7 percent as effective as an equivalent weight of dietary retinyl 
acetate in promoting liver storage of vitamin A activity (Hendricks, 
1969). 
c. Total sulfur in serum was higher in pigs fed with 
beta carotene than in pigs fed retinyl acetate . 
d. Inorganic S in serum was lowered in diets containing 
high levels of vitamin D and either low BC, low A, or high BC . 
e. Uronic acid concentration increased with increasing 
levels of dietary vitamin D. 
f . Pigs receiving retinyl acetate showed slightly higher 
concentration of uronic acid in cartilage than pigs receiving beta 
carotene. 
These different effects of retinyl acetate and beta carotene 
on bone and serum suggest that conversion of beta carotene to 
vitamin A is not adequate to prevent a mild hypovitaminosis A in the 
infant pigs. 
2. The effect of source of vitamin D and source of vitamin A 
on sulfur metabolism. 
a. Pigs receiving vitamin o2 showed higher gains per kg 
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of food than pigs fed vi tamin o3. 
b. Live r as a pe rcen t age of body we i gh t was hi gher in 
pigs treated with beta carotene than retinyl acetate . 
c. Serum total S was i ncreased by vitami n o3 in 
compari son with o2. 
d. Infant baby pigs receiving vitamin o2 showed slightly 
higher concentration of uronic acid in cartilage than pigs fed 
vitamin o3. 
These results show that metabolism of vitamin o2 and o3 in 
baby pigs was not similar. For the criteria measured, vitamin o2 was 
more active than vitamin o3. 
In this study, retinyl acetate did not show any rachitogenic 
effect, but beta carotene decreased the bone mine ralization and may be 
a rachitogenic factor fo r baby pigs . Ret i ny l acetate showed that 
transportation of S is a vitamin A dependent. This was in agreement 
with previous work in which vitamin A defici ency decreased the 
synthesis of PAPS . 
Schaefer and Johnson (1969) in the preliminary report on a 
l ~ational lfotrition Survey reported that the leve l of vitamin A in the 
American diet is low . Phillips (1963) demonstrated that OOT 1 decreased 
liver storage of vi tamin A. Taking vitamin pills, irradiated milk, and 
sunshine will increase the level of vitamin O. In view of current 
nutrition trends, there may be an imbalance between vitamin A and O 
in the diet of some Americans . This research shows that with such 
imbalance, some metaboli c functions may be significantly affected 
11,1,l - trichloro-2-bis( p-ch l orophenyl) ethane 
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which will be reflected in poorer physical well being of individuals. 
Further study of this problem, in which two i mportant nutrients are 
involved is suggested as follows: 
1. Isotope work, in vivo and vitro, to determine the effects 
of ergocaliferol and cholecalciferol on S uptake for synthesis of 
chondroitin sulfur in cartilage and inorganic S in serum. 
2. Histopathological work to show the effect of retinyl 
acetate and beta carotene on S metabolism in mammals. 
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Table A-1 . Mineral and vitamin mixture used in purified diet 
Vitamin mg/kg diet Mineral % 
Thiamine mononitrate 3 KCl 10 
Ri bofl avi n 6 KI 0.002 
Nicotinamide 40 FeS04·H20 0.7 
Calcium Pant~thenate 30 Cuso4 0 .1 
Pyridoxine hydrochloride 2 CoC03 0 .1 
P-Jl.mino beri2o~c acid 13 ZnS04 . ~2 o 0.4 
Ascorbic acid 80 MgC03 2.0 
a-Tocopheryi . acetate 10 NaHC0 3 25.0 
Inositol 130 caHP04 ·2H20 42.4 
Choline chloride 1300 CaC03 8.8 
Glucose 10.4 
mg/kg diet 
Pteroylglutamic acid 260 
Biotin 50 
Cyanocobalamin 100 
2-methyl-1,4-naphthoquinone 40 
0 
